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7KH,QWHUQDWLRQDO&RQIHUHQFHRQ6RIW&RPSXWLQJDQG6RIWZDUH(QJLQHHULQJ6&6(
5HYHDOLQJRI(DUWK4XDNH0DJQLWXGHXVLQJ
6HLVPLF6LJQDOVDQG:DYHOHW7UDQVIRUPV
5DMX*96D.LVKRU.XPDU5HGG\&E1DUDVLPKD3UDVDG/9DE
D6WDQOH\&ROOHJHRI(QJLQHHULQJDQG7HFKQRORJ\IRU:RPHQ+\GHUDEDG,QGLD
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DE,QVWLWXWHRI$HURXQDWLFDO(QJLQHHULQJ+\GHUDEDG,QGLD
$EVWUDFW
6FLHQWLVWV UHVHDUFKHUV DQG DFDGHPLFLDQVKDYHSXW WKHLU XWPRVW HIIRUW LQ GLIIHUHQWZD\V IRU SUHGLFWLQJ(DUWKTXDNHGLVDVWHU EXW
ZHUHVXFFHVVIXOWRDFHUWDLQH[WHQW0RVWRIWKHPKDGDVXSHULRULGHDRIZKHUHDQHDUWKTXDNHPD\PRVWOLNHO\RFFXUEXWFHUWDLQO\
SUHGLFWLQJZKHQDQ(DUWKTXDNHPD\RFFXUKDVEHFRPHDFKDOOHQJLQJ WDVN ,QIDFW WKLVFKDOOHQJLQJ WDVNKDVEHFRPHRQHRI WKH
EDVLFUHTXLUHPHQWVVRDVWRJHWDQGVHWRQHVHOIIURPWKLVQDWXUDOGLVDVWHU,QWKHSUHVHQWUHVHDUFKVHLVPLFVLJQDOVDUHDQDO\]HGE\
XVLQJ+$$5'%6<0&2,)%,25DQG5%,2ZDYHOHWWUDQVIRUPVLQRUGHUWRHYDOXDWHWKHPDJQLWXGHRIWKHVLJQDO8SRQWKH
H[SHULPHQWDWLRQ LW LV HVWDEOLVKHG WKDW LI WKH VXUIDFHZDYHPDJQLWXGH LV !   SUHVHQFH RI HDUWKTXDNH DV LWZRXOG DIIHFW WKH
HQYLURQPHQWWRDJUHDWHUH[WHQW
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRI7KH,QWHUQDWLRQDO&RQIHUHQFHRQ6RIW&RPSXWLQJDQG6RIWZDUH
(QJLQHHULQJ6&6(
.H\ZRUGV'LVDVWHUV(DUWKTXDNH6HLVPLFVLJQDOV6XUIDFHZDYHPDJQLWXGH:DYHOHW7UDQVIRUPV
,QWURGXFWLRQ
$QDWXUDO GLVDVWHULV DQ XQH[SHFWHG RFFXUUHQFH WKDW FDXVHV H[WHQVLYH GHYDVWDWLRQ ORWV RI FROODWHUDO GDPDJH RU
JUHDWORVVWROLIHEURXJKWDERXWE\IRUFHVRWKHUWKDQWKHDFWVRIOLYLQJFUHDWXUHVDFURVVWKHJOREH$QDWXUDOGLVDVWHU
PLJKWEHFDXVHGE\HDUWKTXDNHV IORRGLQJYROFDQLFHUXSWLRQ ODQGVOLGHKXUULFDQHVKDLOVDQGVRRQ ,QRUGHU WREH
FODVVLILHGDVDGLVDVWHULWZLOOKDYHSURIRXQGHQYLURQPHQWDOHIIHFWDQGRUKXPDQORVVDQGIUHTXHQWO\LQFXUVILQDQFLDO
ORVVRQHVXFKGLVDVWHULVHDUWKTXDNH
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6FLHQWLVWV FDQSUHGLFWZKHUHPDMRU HDUWKTXDNHV DUH OLNHO\ WR RFFXU KRZHYHU EDVHGRQ WKHPRYHPHQW RI WKH
SODWHV LQ WKH(DUWK DQG WKH ORFDWLRQ RI IDXOW ]RQHV 7KH\ DOVR FDQPDNH JHQHUDO JXHVVHV DERXWZKHQ HDUWKTXDNHV
PLJKWRFFXULQDFHUWDLQDUHDE\ORRNLQJDWWKHKLVWRU\RIHDUWKTXDNHVLQWKHUHJLRQDQGGHWHFWLQJZKHUHSUHVVXUHLV
EXLOGLQJDORQJIDXOWOLQHV%XWWKHVHSUHGLFWLRQVPD\QRWWXUQRXWWREHUHOLDEOHEHFDXVHZKHQVWUDLQLVUHOHDVHGDORQJ
RQHSDUWRIDIDXOWV\VWHPLWPD\DFWXDOO\LQFUHDVHVWUDLQRQDQRWKHUSDUW
2QHRIWKHPRVWGHYDVWDWLQJHDUWKTXDNHVLQUHFRUGHGKLVWRU\ZDVWKH6KDDQ[LHDUWKTXDNHRFFXUUHGRQ-DQXDU\
 LQ6KDDQ[LSURYLQFH &KLQD 0RUH WKDQ  SHRSOH GLHG 7KH 7DQJVKDQ HDUWKTXDNH ZKLFK NLOOHG
EHWZHHQ  WR  SHRSOH ZDV WKH GHDGOLHVW RI WKH WK FHQWXU\ 7KH &KLOHDQ (DUWKTXDNHLV WKH
ODUJHVWHDUWKTXDNHWKDWKDVEHHQPHDVXUHGRQDVHLVPRJUDSKUHDFKLQJPDJQLWXGHVRQ0D\6WURQJDQG
GDPDJLQJHDUWKTXDNHVKDYHEHHQIHOWLQDOOSDUWVRIWKH,QGLDQ6XEFRQWLQHQW7KHPRVWVHLVPLFDOO\DFWLYHDUHDVDUH
WKRVHLQWKHQRUWKHUQUHJLRQVRIWKHVXEFRQWLQHQWDQGLQWKH$QGDPDQDQG1LFREDU,VODQGV7KHGHDGOLHVWHDUWKTXDNH
LQ,QGLDQKLVWRU\VRIDUKDVEHHQWKH0.DQJUDHDUWKTXDNHLQ+LPDFKDO3UDGHVKLQZKLFKOHIWSHRSOH
GHDG7KHHDUWKTXDNHVRFFXUUHGDFURVV,QGLDDUHVKRZQLQ7DEOH

7DEOH(DUWKTXDNHVRFFXUUHGDFURVV,QGLD

'DWH /RFDWLRQ 0DJQLWXGH
-XQ .XWFK*XMDUDW 
-DQ &DFKDU$VVDP 
0D\ 6RSRU-	. 
-XQ 6KLOORQJ3ODWHDX 
$SU .DQJUD+3 
-XO 6ULPDQJDO$VVDP 
-XO 'KXEUL$VVDP 
-DQ %LKDU1HSDOERUGHU 
-XQ $QGDPDQ,VODQGV 
2FW $VVDP 
$XJ $UXQDFKDO3UDGHVK 
-XO $QMDU*XMDUDW 
'HF .R\QD0DKDUDVKWUD 
-DQ .LQQDXU+3 
$XJ 0DQLSXU0\DQPDU%RUGHU 
2FW 8WWDUNDVKL83+LOOV 
6HS /DWXU2VPDQDEDG0DKDUDVKWUD 
0D\ -DEDOSXU03 
0DU &KDPROL'LVW83 
-DQ %KXM*XMDUDW 
'HF 2II:HVW&RDVW2I6XPDWUD 
2FW 3DNLVWDQ 
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
(DUWKTXDNHIRUHFDVWLQJDQGSUHGLFWLRQLVDYLJRURXVIRFXVDUHDIRUJHRORJLFDOUHVHDUFK*HRVFLHQWLVWVDUHDEOHWR
LGHQWLI\ SDUWLFXODU DUHDV RI ULVN DQG LI WKHUH LV VXIILFLHQW LQIRUPDWLRQ WR PDNH SUREDELOLVWLF IRUHFDVWV DERXW WKH
OLNHOLKRRGRI(DUWKTXDNHVKDSSHQLQJLQDVSHFLILHGDUHDRYHUDVSHFLILHGSHULRG7KHVHIRUHFDVWVDUHEDVHGRQGDWD
JDWKHUHG WKURXJK JOREDO VHLVPLF PRQLWRULQJ QHWZRUNV KLJKGHQVLW\ ORFDO PRQLWRULQJ LQ NQRZQ ULVN DUHDV DQG
JHRORJLFDO ILHOG ZRUN DV ZHOO DV IURP KLVWRULFDO UHFRUGV >@ >@ )RUHFDVWV DUH LPSURYHG DV RXU WKHRUHWLFDO
XQGHUVWDQGLQJRI(DUWKTXDNHVJURZVDQGJHRORJLFDOPRGHOVDUHWHVWHGDJDLQVWREVHUYDWLRQ/RQJWHUPIRUHFDVWVDUH
FXUUHQWO\PXFKPRUH UHOLDEOH WKDQ VKRUW WRPHGLXPWHUP IRUHFDVWV7RGD\
V VFLHQWLVWV XQGHUVWDQGHDUWKTXDNHVD ORW
EHWWHU WKDQZHGLGHYHQ\HDUVDJREXW WKH\VWLOOFDQ
WPDWFKWKHTXDNHSUHGLFWLQJSURZHVVRIWKHFRPPRQWRDG
ZKLFKFDQGHWHFWVHLVPLFDFWLYLW\GD\VLQDGYDQFHRIDTXDNH'HWHFWLRQRI(DUWKTXDNHZDVGRQHHDUOLHUEDVHGRQ:
0/3 DQG0/3:DYHOHW$JJUHJDWHG 6LJQDO DQG 6\QFKURQRXV 3HDNHG )OXFWXDWLRQV PRGHO GHWHFWLRQ XVLQJ WKH 3
ZDYHV RI WKH (DUWKTXDNH SUHGLFWLRQ EDVHG RQ UDGRQ HPLVVLRQV ((: DOJRULWKP0 DOJRULWKP SUHGLFWLRQ XVLQJ
H[WUDFWLRQRILQVWDQWDQHRXVIUHTXHQF\IURPXQGHUJURXQGZDWHUEXWQHLWKHURIWKHPFRXOGSURYLGHDQHIIHFWLYHUHVXOW
>@
7KHUHVWRIWKHSDSHULVRUJDQL]HGDVIROORZV6HFWLRQJLYHVDJODQFHWRDOOWKHUHFHQWUHVHDUFKFDUULHGRQIRUWKH
SUHGLFWLRQ RI (DUWKTXDNH DQG DOVR GLVFXVVHV DERXW YDULRXV P\WKV UHJDUGLQJ HDUWKTXDNHV 6HFWLRQ  GHVFULEHV
SURSRVHGDOJRULWKP6HFWLRQLOOXVWUDWHVWKHH[SHULPHQWDOUHVXOWVDQGILQDOO\6HFWLRQFRQFOXGHVWKHSDSHU
5HODWHGZRUN
6FLHQWLVWV $FDGHPLFLDQV 5HVHDUFKHUV DQG VR RQ KDYH HQGHDYRXUHG GLIIHUHQW ZD\V IRU WKH GHWHFWLRQ RI
(DUWKTXDNHVEXWZHUHVXFFHVVIXOWRVRPHH[WHQW0RVWRIWKHPKDYHDVXSHULRULGHDDERXWZKHUHDQ(DUWKTXDNHLV
PRVWOLNHO\WRRFFXUVEXWWKH\VWLOOZHUHXQDEOHWRSUHGLFWZKHUHH[DFWO\DQHDUWKTXDNHPLJKWRFFXU,QVSLWHRIWKH
YROXPLQRXVHIIRUWE\PDQ\UHVHDUFKHUVDFURVVWKHJOREHIRUWKHLUZRUNRQHDUWKTXDNHSUHGLFWLRQVWLOOWKHUHLVQRVLJQ
RISULRULQWLPDWLRQDERXWWKHRFFXUUHQFHRIHDUWKTXDNHLQDGYDQFH>@7KRXJKYLEUDWLRQVFDQEHGHWHFWHGMXVW
EHIRUHDTXDNHRFFXUVEXWWKLVZRXOGQRWJLYHHQRXJKWLPHIRUWKHSHRSOHWRHYDFXDWHIURPWKHLUSODFHLIUHTXLUHG
9DULRXVDXWKRUV¶FRQWULEXWLRQVDUHOLVWHGLQRXUHDUOLHUSDSHU>@
7LOOGDWHPDQ\RI WKH UHVHDUFKHUVDSSOLHGGLIIHUHQW WHFKQLTXHV OLNHSUHGLFWLRQEDVHGRQ UDGRQHPLVVLRQV>@
((:DOJRULWKP0DOJRULWKP>@SUHGLFWLRQXVLQJH[WUDFWLRQRILQVWDQWDQHRXVIUHTXHQF\IURPXQGHUJURXQGZDWHU
>@(DUWKTXDNHHDUO\ZDUQLQJ>@ >@EXWQHLWKHURI WKHPFRXOGSURYLGHDQHIIHFWLYHDQGHIILFLHQW UHVXOW ,Q WKLV
SDSHU D FRQWHPSRUDU\ DSSURDFK LV LQWURGXFHG WR GHWHFW WKH (DUWKTXDNH XVLQJ'DWDPLQLQJ DQG ,PDJH SURFHVVLQJ
WHFKQLTXHV:LWKUHVSHFWWRHDUWKTXDNHVWKHUHDUHVHYHUDOP\WKVDQGDUHVKRZQLQ7DEOH

7DEOH(DUWKTXDNH0\WKV
0\WK ³0HJD(DUWK4XDNHV´FDQKDSSHQ
)DFW 7KHPDJQLWXGH RI DQ HDUWKTXDNH LV DVVRFLDWHG WR WKH H[WHQW RI WKH IDXOW RQZKLFK LW RFFXUV WKH ORQJHU WKH IDXOW WKH ODUJHU WKH
HDUWKTXDNH0HJD(DUWK4XDNHVRIPDJQLWXGHRUPRUHDUHSRVVLEOHKRZHYHUVFLHQWLVWVDQGUHVHDUFKHUVDJUHH WKDWWKH\DUH
LPSODXVLEOH7KHODUJHVWHDUWKTXDNHHYHUUHFRUGHGZDVDPDJQLWXGHRQ0D\LQ&KLOHRQDIDXOWWKDWLVDOPRVW
PLOHVORQJ
0\WK 6FLHQWLVWV5HVHDUFKHUV$FDGHPLFLDQVDQGFRPPRQSHRSOHFDQVWRSHDUWKTXDNHV
)DFW 2QH FDQQRW VWRS HDUWKTXDNHV IURPRFFXUUHQFH RU HYHQ VWRS RQFH WKH\ VWDUWHG%XW RQH FDQGUDVWLFDOO\ DOOHYLDWH WKHLU HIIHFWVE\
FKDUDFWHUL]LQJWKHKD]DUGEXLOGLQJVDIHUVWUXFWXUHVDQGWDNLQJSUHYHQWDWLYHPHDVXUHVDQGNQRZLQJKRZWRDFWLQUHVSRQVH
0\WK 2QHFDQSUHGLFWHDUWKTXDNHV
)DFW (DUWKTXDNHSUHGLFWLRQLVDQLPSRUWDQWDQGFKDOOHQJLQJSUREOHPIRUVFLHQWLVWVUHVHDUFKHUVDQGDFDGHPLFLDQV,WLVLPSRVVLEOHWRVD\
WKH WLPH SODFH DQG PDJQLWXGH RI D IXWXUH TXDNH LQ DGYDQFH ZLWK  DFFXUDF\ 6WLOO UHVHDUFK LQWR HDUWKTXDNH SUHGLFWLRQ LV
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FRQWLQXLQJWRSURSRVHWKHEHWWHUPRGHOIRUWKHSUHGLFWLRQLQDGYDQFHDQGILQDOO\LWLVSRVVLEOHWRSUHGLFWWKHHDUWKTXDNHVLQDGYDQFH
EXWQRWPRUHDFFXUDWHO\
0\WK $QLPDOVFDQSUHGLFWHDUWKTXDNHV
)DFW ,Q ROGHQ GD\V SHRSOH XVHG WR SUHGLFW WKH HDUWKTXDNHV ZLWK WKH FKDQJHV LQ DQLPDO EHKDYLRXU (YHQ WKRXJK WKHUH KDYH EHHQ
GRFXPHQWHGFDVHVRIXQXVXDODQLPDOEHKDYLRXUSULRUWRHDUWKTXDNHVDUHSURGXFLEOHFRQQHFWLRQEHWZHHQDVSHFLILFEHKDYLRXUDQGWKH
RFFXUUHQFHRIDQHDUWKTXDNHKDVQRWEHHQPDGH
0\WK (DUWKTXDNHVNLOOSHRSOH
)DFW ,QDQHDUWKTXDNHWKHVHYHULW\RIWKHVKDNLQJFDQFDXVHPDQPDGHDQGQDWXUDOVWUXFWXUHVDQGWKHFRQWHQWVZLWKLQWKHVHWRIDLORUIDOO
DQG LQMXUH RU NLOO SHRSOH  7KHUH KDYH EHHQ ODUJH HDUWKTXDNHV ZLWK YHU\ OLWWOH GDPDJH EHFDXVH WKH\ FDXVHG OLWWOH VKDNLQJ DQG
EXLOGLQJV ZHUH EXLOW WR ZLWKVWDQG WKDW VKDNLQJ ,Q RWKHU FDVHV VPDOOHU HDUWKTXDNHV KDYH FDXVHG JUHDW VKDNLQJ DQGRU EXLOGLQJV
FROODSVHGWKDWZHUHQHYHUGHVLJQHGRUEXLOWWRVXUYLYHVKDNLQJ

3URSRVHG$OJRULWKP
6WHS5HDG6HLVPLF6LJQDO
,QLWLDOO\ WKH VHLVPLF VLJQDOV DUH WDNHQ DV LQSXW IRU WKH H[SHULPHQWDWLRQ DV WKHVH DUH WKH RQO\ VLJQDOV WKDW DUH
IHDVLEOH IRU D SURSHU GHWHFWLRQ RI (DUWKTXDNH RFFXUUHQFH 7KH VLJQDO VKRZQ LQ )LJ  LV JLYHQ DV LQSXW LQ WKH
SUHGLFWLRQRIHDUWKTXDNH


)LJXUH,QSXW6HLVPLFVLJQDO

6WHS$QDO\]HDQG'HQRLVHWKHLQSXWVLJQDOE\DSSO\LQJZDYHOHW7UDQVIRUP

,QJHQHUDOQRSDUWLFXODUGDWDLVWKDWDFFXUDWHDVLWFRQVLVWVRIVRPHVRUWRIGLVFUHSDQFLHVLQWKHPFRUUHVSRQGLQJO\
WKHVH VLJQDOV PD\ DOVR LQFOXGH MDQJOHV ZLWKLQ WKHP 6LQFH QRLVH FRUUXSWV WKH VLJQDOV LQ D VLJQLILFDQW PDQQHU
WKHUHIRUH LW PXVW EH UHPRYHG IURP WKH GDWD LQ RUGHU WR SURFHHGZLWK IXUWKHU GDWD DQDO\VLV 7KH SURFHVV RI QRLVH
UHPRYDOLVJHQHUDOO\UHIHUUHGWRDVVLJQDOSURFHVVLQJRUVLPSO\GHQRLVLQJ>@>@
7KHZDYHOHW WUDQVIRUP >@ DFWV DV D WRRO IRU VLJQDO DQG LPDJHSURFHVVLQJ WKDW KDYHEHHQ VXFFHVVIXOO\ XVHG LQ
PDQ\ VFLHQWLILF DSSOLFDWLRQV VXFK DV LPDJH DQG VLJQDO SURFHVVLQJ LPDJH FRPSUHVVLRQ FRPSXWHU JUDSKLFV DQG
SDWWHUQ UHFRJQLWLRQ PHWKRG ,Q WKH SUHVHQW UHVHDUFK +DDU >@ '% 6<0 >@ &2,) %,25 DQG 5%,2
ZDYHOHWWUDQVIRUPVDUHXVHGIRUWKHGHQRLVLQJRIVLJQDODQGFRPSDUHGZLWKHDFKRWKHUIRUWKHEHWWHUSUHGLFWLRQ)LJ
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VKRZVWKHDQDO\]HGLQSXWVLJQDOXVLQJZDYHOHWWUDQVIRUPV)LJDQG)LJVKRZWKHGHQRLVHGLQSXWVLJQDOXVLQJ
ZDYHOHWWUDQVIRUP


)LJXUH$QDO\]HGLQSXWVLJQDOXVLQJZDYHOHWWUDQVIRUP



)LJXUH'HQRLVHGLQSXWVLJQDOXVLQJZDYHOHWWUDQVIRUP
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

)LJXUH'HQRLVHGLQSXWVLJQDOXVLQJZDYHOHWWUDQVIRUP

6WHS&KRRVHWKHUHVLGXDOVIROORZHGE\YLHZD[HV

2QFHWKHVLJQDOLVGHQRLVHGFKHFNIRUWKHUHVLGXDOVIROORZHGE\YLHZD[HVDQGLVVKRZQLQ)LJ



)LJXUH5HVLGXDOVIRUGHQRLVHGLQSXWVLJQDO
6WHS8VLQJ))7VSHFWUXPDQDO\VLVH[WUDFWHQHUJ\DQGIUHTXHQF\IRUWKHGHQRLVHGVHLVPLFVLJQDO

))7VSHFWUXPDQDO\VLV>@LVDGRSWHGLQRUGHUWRDQDO\]HWKHVLJQDOSDUDPHWHUVVXFKDVHQHUJ\DQGIUHTXHQF\DV
VKRZQLQ)LJ
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

)LJXUH))7VSHFWUXPDQDO\VLVWRHYDOXDWHHQHUJ\DQGIUHTXHQF\

6WHS&RPSXWHZDYHOHQJWKDQGPDJQLWXGH

2QFH HQHUJ\ DQG IUHTXHQF\ SDUDPHWHUV DUH DQDO\]HG RWKHU SDUDPHWHUV VXFK DV ZDYHOHQJWK PDJQLWXGH DQG
UXSWXUHDUHDDUHFRPSXWHGE\XVLQJHTXDWLRQVDQGDQGUHVSHFWLYHO\

:DYHOHQJWK9V9HORFLW\9V)UHTXHQF\

Y IO    
:KHUHO LVZDYHOHQJWKLQPHWHUVYLVWKHYHORFLW\RIZDYHDQGILVWKHIUHTXHQF\RIZDYHLQ+]

0DJQLWXGH9V(QHUJ\>@>@
ORJ _  _V( 0   
:KHUH(LVWKHHQHUJ\LQHUJVDQG0VLVWKHVXUIDFHZDYHPDJQLWXGH

0DJQLWXGH9V5XSWXUH$UHD>@
ORJ _ _V$ 0  
:KHUH$LVWKH5XSWXUHDUHDDQG0VLVWKHVXUIDFHZDYHPDJQLWXGH

6WHS)L[LQJDWKUHVKROGPDJQLWXGHYDOXHWRGHWHFWHDUWKTXDNH

:LWKWKHH[SHULPHQWDODQDO\VLVLWLVFRQFOXGHGWKDWLIWKHPDJQLWXGH! VKRZVWKHSUHVHQFHRIHDUWKTXDNHDQG
IRUOHVVHUYDOXHVLWLVQHJOHFWHGDVLWGRHVQ¶WVKRZVDQ\LPSDFW

5HVXOWVDQG'LVFXVVLRQ
,Q WKH H[SHULPHQWDWLRQ VHLVPLF VLJQDOV DUH FRQVLGHUHG IRU WKH SUHGLFWLRQ RI(DUWKTXDNH REWDLQHG IURP86*6
8QLWHG 6WDWHV *HRORJLFDO 6XUYH\ 66$ 6HLVPRORJLFDO 6RFLHW\ RI $PHULFD 6&('& 6RWKHUQ &DOLIRUQLD
(DUWKTXDNH 'DWD &HQWHU DQG -0$ -DSDQ 0HWURORJLFDO $JHQF\ 7KHVH VLJQDOV DUH DQDO\]HG DQG VHLVPLF
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SDUDPHWHUVDUHH[WUDFWHG7KHRUHWLFDOREVHUYDWLRQVRQ(DUWKTXDNH\LHOGHGWKDW WKHPDJQLWXGHLVWKHGHFLGLQJIDFWRU
IRU WKH GHWHFWLRQ RI (DUWKTXDNH ([SHULPHQWDO UHVXOWV FRQFOXGHG WKDW WKH H[WUDFWHG SDUDPHWHU LH VXUIDFH ZDYH
PDJQLWXGHLVWKHVXEVWDQWLDODWWULEXWHWRGHWHFWWKH(DUWKTXDNH%DVHGRQWKHH[SHULPHQWDODQDO\VLVRYHUVHLVPLF
VLJQDOVWKHPLQLPXPVXUIDFHZDYHPDJQLWXGHIRUWKHGHWHFWLRQRI(DUWKTXDNHLVFKRVHQDV7KHVHLVPLFVLJQDOVDUH
IXUWKHULQLWLDWHGDQGSURFHVVHGWKURXJK0$7/$%5DLQRUGHUWRHYDOXDWHWKHSDUDPHWHUVUHTXLUHGIRUSUHGLFWLRQ
DQG WKHPDJQLWXGHVDQGH[SHULPHQWDO UHVXOWVRI+DDU'%6<0&2,)%,25DQG5%,2ZDYHOHW WUDQVIRUPVDUH
VKRZQ LQ 7DEOH  ,Q WKH 7DEOH  0 LQGLFDWHV PDJQLWXGH (5 LQGLFDWHV H[SHULPHQWDO UHVXOW 1( LQGLFDWHV QRQ
HDUWKTXDNHDQG(LQGLFDWHVHDUWKTXDNH

7DEOH0DJQLWXGHV&RPSDULVRQXVLQJ:DYHOHW7UDQVIRUPV

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7KH PDLQ FRQWULEXWLRQ LQ WKH SUHVHQW UHVHDUFK LV WKDW WKH DXWKRUV DQDO\]HG VHLVPLF VLJQDO SDUDPHWHUV VXFK DV
HQHUJ\IUHTXHQF\ZDYHOHQJWKDQGVXUIDFHZDYHPDJQLWXGHXVLQJ))76SHFWUXPDQDO\VLVLQ+DDU'%6<0&2,)
%,25DQG5%,2ZDYHOHWWUDQVIRUPV([SHULPHQWDOUHVXOWVFRQFOXGHGWKDWWKHH[WUDFWHGSDUDPHWHULHVXUIDFHZDYH
PDJQLWXGHLVWKHVXEVWDQWLDODWWULEXWHWRGHWHFWWKH(DUWKTXDNH%DVHGRQWKHH[SHULPHQWDODQDO\VLVRYHUVHLVPLF
VLJQDOV WKH PLQLPXP VXUIDFH ZDYH PDJQLWXGH IRU WKH GHWHFWLRQ RI (DUWKTXDNH LV FKRVHQ DV  8S RQ WKH
H[SHULPHQWDWLRQ DPRQJ YDULRXV ZDYHOHW WUDQVIRUPV LW LV LGHQWLILHG WKDW+DDUZDYHOHW WUDQVIRUP LV RXWSHUIRUPLQJ
ZKHQFRPSDUHGZLWKHDFKRWKHU


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